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Intensity reflectance R of the thin film is calculated theoretically by 
the following equation. The subscript ' indicates a complex, and i denotes 
the imaginary unit. 

R=l r' T 

= r < . r ' * (an 



where r' is the amplitude (complex) reflectance of the thin film, and r' * is 
the conjugate complex of r*. By defining the variables as set forth below, r' 
is represented by equation (2) - equation (8). 

rOl*: amplitude (complex) reflectance at interface 24 between air 
and thin film 21 

rl2': amplitude (complex) reflectance at interface 25 between thin 
film 2 1 and substrate 23 

5': optical path difference generated by one reciprocation in thin 



film 



d 
nO 
n' 
n2* 
n2 
k2: 
9: 
9i' 

02' 



wavelength of illuminating light 
thickness of thin film 
refractive index of air ( = 1) 

complex refractive index of thin film, n' = n - ik 
complex refractive index of substrate. n2' = n2 - ik2 
refractive index of substrate at wavelength X 
absorption coefficient of substrate at wavelength X 
incident angle 

refracting angle within thin fil m 
refracting angle within substrate 



- 1 - 



r , = V + na' exp (- iS') (2) 
1 + r 01 V 12 'exp (-/<?') 



S' = — 2w'rfcos0' ...(3) 
X 1 



w 0 sin 0=ri sin 0, ' = n„ ' sin 0„ ' (Snell's law) ... (4) 



The amplitude reflectance at the interface can be calculated by the 
Fresnel's formula. In the case where illuminating light 32 is P-polarized 
light, 

• _ "'COSff- WqCOS^,' ^ 

01 n' cos 0 + n 0 cos 0 : ' 

, _ n 2 , <x>s0 l '- »'cosfl 2 ' ^ 
r ' 2 ~ « 2 'cos0 1 ' + w'cos0 2 ' 

In the case where the illuminating light is S-polarized light, 



_ n 0 ' cos0' - ri cos#, 
' 01 "tfo'costf' + w'costf,' 



•o — ... (7 ) 



, _ ^'cos^'-k^cps^' ^ 
7u ~ w'cos^' + Wj'cos^' 

Namely, the logic value Rth of the intensity reflectance of the thin 
fil m can be represented by the function of Rth (nO, d, n, k, n2, k2, 0, X ). 
... omitted ... 
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R***3ftflMMfrIref (xh »«JS«£« 2 3 G>R*t* 

[0 0 8 5] £TF* **MOffllO*iSWSrRM-f-S Q * 
WflU ^fc** 5„ K*dtt£#Wft^«fc'T?*> 

[0 0 8 6] «littf*Wft:»5g*-ett, 
-^«:»rit1-So »3fixaTf^^&K£fcfT5fc&, 

[0087] El 1 4 ( a ) M\ h h ©SftJftflSSftO 

fo£o K^^MS^O^fe^S^^^^W^ 



(9) 4#Bfl¥7-7 19 24 

O^^A. a oft-Ctt, # bus** M*lB3tel*ftv\, -tw 

7cO&iIX#&£{£o^ffi^£ ©te^Mft«J*<Z>SV^-(N 

[0088] ^^-^e^wse^bo— mt it, 

oKJR«»roll[jS J Rtetuti, B»*«0!RiR«» (-f-ftib 

$JHSf*oSE»t,lftSSiai:ftSo 8o-C/^-^e? 
R]R««&, «t«:Wt-»l3Sb« : ai-SCt**S*T?*> 

So 

[0 0 8 9] Ld*U«*tt»K^>K*i:«3te»*(-*5tt 
5JS*f*i:»»Rffi»«rM3ei"Si-^ &tc5£^5 £ 5 ft 
JSUSj&sfeS. HI 4 (b)tc^i-i 91136*3 2*: 

«a«BIE*t*3 3 c »WJ£Rrtt-AI*L£«2 3 
to»#BTRi*Lrd»fe4*ttJ-f-54Sta!ISKiiia*3 3 
d testis. **M^»K»ttttill36ffi* J , «WS«E 

50 R#t*3 3 c taJW3feKiiig*3 3 dWWa^C 

ii-<fco -O^, «W^BIKI**:3 3 c tSa^Mil 
[0 0 9 0] CJxtc#U MS* 3 2dS|R*jK*^ bco 
3 3d 0«*BAS«WSKSI** 33c {rtfc-</h£ < ft 

*3 [0091] HsoseiffWffil-cfcKKffift^^frv^a 

if««ft=f*«, i-ft^^AltftfifeftKSK***^*^ 

srMS < so^-r 5 r t im lv\ 

[0 0 9 2] COfc«)«*tt»ll*0«fi4<SS:»fta< w 
£-rSfc#>, «5*KST<DW5e*!(t*Cft<*«5*iftft^> 
SO^^tT^o [9 1 4 (c)(^-t-J: 5 *IB*»*^ a 
50 <z>SIJ£#3 2^ffiv^^^:, ttaS£RiiiB%3 3 d tiMF^ 
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17 



10 



K2 l ORPi#8*8fti a t^*3Jt5JBW*fc»iR« 

«>fcKff*R»©fl[t utav\ bt-astts 

[0 0 9 3] *«MriJR«tt»Bloa«l«*ds»*«Ht 
[0 0 9 4] «±O2»«S03e«fe«cB<5<»BMWt«n 

d max — d min n max — nmin 

C = ; x — 



20 



(10) 1 9 2 4 

[0 0 9 5] «3t«*ws-co«ai«^tos* 

y 1 2b, ttWSK0AJ*fl«ffa*E»*«r*«>5S 

1 b «*»*0»tt«*3S» 1 1 Mi, 

*jfiS<o»tt<i*3feffl l 1 a^#*fcKff dfcft&oHB 
fcL"C/8v\ iS*:jft*(c*5*tSIBSr*n fc8yR«Rk«r 

»*fcLT«V\ KJP«Slffl*d±A d^lSSU"CBI»S: 
[0 0 9 6] 2 8«^lt «3tett»Bt<oaS^*tt 
«WfeBt"e^r«tt^*>5BWd. JStff^n, 

<«l 0)©tHHsI«Citt, ffiH)i:^lti:5(:, 
[0 0 9 7] 
ffill] 

k max — k min 



X 



n 



= N d • N n • N k 



[0 0 9 8] fc*£*b*o fcfcfU Nd, Nn. Nkfi Wm&h\,X&L0 Z-htttlft. W-»HI«Czl± 
#«H41ltO»»^*-C*>5. 2tt*W3e-Ctt, # 30 [0 0 9 9] 

«*««^*5«t5»K«»!& J 0, 8$ 1*2 5] 



d max - d min x n max — nmin t nmax- n min y kmax — k min. 



d f 



=Nd-Nn+Nn-Nk 
= N n • (Nd+Nk) 



n 



k r 



(*25)- 



[0 10 0] 
[0101] 



N d • ISf It — (Nd+Nk) 



40* [82 6] 

• <Nd-l) <Nk-l 



[0102] -C&&CQ-C\ Nd, NkJ&*fc t>t-2 «fc 9* 
Ii % NdfcNktt-«(-2J:9ttSd^*:*V^t?, 2 

[0 10 3] ft^»iRtt^fc5iR3te*»RO»ttfl[S:» 

[0104] *$mmxtt.. «*«efi"e^>W3e«:. 



50 



> - 1 < «fc26) 

4 (d)lc^i-J: 5fc, i«SU«*3 2^v> 

x t , sjsBfiiaaia* 33d ©Rrt -co«sw**j>ft < * 
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b$<DT&msb, tta9£K2 i #8136*3 2\c£V + 

n., Rifc«Rk. W:::t#i!)feWdl: 

[0 10 5] «*«r«(-K*aB»d s fcS»*ftif(wtt. 
J^J?iSll2rd± A dtC|^3£LTJSJFr^ns. ®&«$:ks 

[oio6] ±Bbfc«*m*ai3e*^»^<Wii»tt 

[0 10 7] BI6 #fSS* 

tSI-SftWSK^ ^ y 8 e , K*t*»W» 1 0 e , Wtt 

tsi-sisaisiK^ * y 8 s , e*wkw« 1 o s , 

[0108] M£M*&»o*H±«»5£» llslt ^ft 
«OWttfi*3g» lie -C*«)fcllWP: d SrR*DO«fc L, 
TJ8V\ WSlffl'*&WpOJffl*f*n t!ftiR««ka:3ft«)So 

1 stt, 4*tt«*3£*Bl let 
**fc^J?d*fi^ttl^^:i:Urmv>, K/«fiB&d± 

[0 10 9] *»W«rfli^*^*«>**^**i"S** 

fl^Hi 7-otMUl-*. 

[0 1 10] *SI1KM«\ H6-C^LfcRaW«^vX5 

[0111] *aas3fi«^*^*tt. ^y*- 

7-4 3. ttyouyX* 1, y U-W^X4 2 N 
affloy^T-fe^* 7 36*e)*So y 1^X4 2tt, 

MjE^S 8 0 , JD»3p«l» 1 3 , «9!I£R 2 1 <Dfr&yt%i 
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u-<^*iBtgi _; 50t^^ < ^^^ y 1 2 > tt»i3eK2 1 <d 

A»fcft#»ftEl**&#fcSR#**JWBl 0. $:9 

tL<fi»i oow^iBi?RM^:ffiv^TWI!a#^4^^s:*«> 

[0 112] »3d>e>»d»5J:5(^ 

70 [0 113] &(CjilB***«:fflV\ Si®Bfft«r!S]-b+- 

^ffiiyfeft^R-CWu H18 (c^-f J: 5 (c*«i#5fi«:3i 
iai-5BW*3 2 e(-i53S** s . SI£i81SKIS & 
So 4lf3fcb«-W^^X4 1 ro**t#5fit±*tt(-(5ff* 
iEftfc*. 3t«W'jS*:3iia"i'5fiaK*3 2 e3&s»»u^ 

X4i©*st?EMtfc*tt^ ^^Lry^T-tv^ 
7^»ttis*vtL*5. rofc«>**«aii-^*sw* 
»ae»*4 4ic»u y^r-fe>-9-7t?*R(-ams^ 

[0 114] — £\ >ctfel^^X4 1 0>*tt*»e>(Wl/*:£ 
•f-SfiHM*3 2 cOJE4**fiy u-v^XS:ii3i-e#ft 
[0115] »*bU^X4 1 <0*tt#jfi«:3iia"*"SRaM 

»Bto»i«i"Sfc». «*/#«#<0 2o<0i6*oa£ 

-Sfc«), — ooW363S«^#<^aia^iB*:tt9III*«:SI 
[0 116] RWKih = --^-f >^{-J:e)4v^a§«KJh' 

*i»fejK«i" : 5wt-e, *rtbu^X4 io*w#^cog§ 

-y-7•C^ffi-^ ; 5^^^J^^^§l*^L.rv^5o HBI(a)0 
^m^Jti. *«i#5SS:iiiai-5RaM*S:«*4E4 6T?a 
*L, N xn— 7 ^ 7 — 4 3-CSWU 1 (CA 

50 ^^-itS^OXfoSo HBW*3 2 f H«aiSBl2 1-CJS 
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*fU !)=7tyf7«)JK7 f "C^itiStl, fS$i#;3 

[0 117] HH(b)©SBIM9tt* *ttf*afi*:5iiBi"S 

U $7-4 8-CEItU »i/^4 l fcAltS-fr* 
^0"C3b6o BM*3 2 f f±ttJHSBt2 l-CRWU y 

[0 118] Bfttt»K«r«ft»*"Cill36i-S»*^ 

^Tir vfr 7 S /NtfcT^aiT# 

Ifcfti-^t-CfeSo Ell 9(b)Ojll6«-C^ tttt£K 

fcaMft»J£Bl2 1 (cRBItS^5RM*fl:* s n— "Ct. ^ 

at>, lS*tt»K*rlB*J6*^MSr5lciinia(b)o* 
[0 119] El 1 tt*3BWC*5V^-C. EI 1 9 (b) 05^16 

jRISi-SfcJC>2jfi*JBfl^ife«:aifflU Sfe(wlB*/#iR 

[0120], *1-*ttf*5ffO»*«:BS±i-5*^*0* 

4 8, *^»S:!aKi"5!IMR»JR7-f/^4 9 N 
^—5 0, 1/^X5 1. 7^;U-^4 c. 0$tyt&&%kii& 

^19 5 3, UyX5 4. iftS3, iEftS7— 6 0, 7 
^-;uKvyX6 1. Ml/yX6 2, *§I8SbM§jE#<0 

^7^;^5 7, *B*jfift*ft«ffl* 5 8a. 
***»a»5 8 b 
[0121] «j|R^Btjfea*tt, *t* 41,8« 

i)l/-l/yX6 7, ^^n/f 7^;7-68, #JB* 

Sifiaiaffl*fe*7-r^^— 6 9, usjBftifcfitwaja 
^B»«»*«aaffl y -r-tr^f- 7 a , «5*jfi*-c<o« 
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-60, 7^-/1' 1 . /n— 7 ^7-66, # 

B«K*ai8ffl»fe*7-f^^-7 1, TV*>772 

SIR 2 1 «rJBfiULfca«2 3 fc#HMW2 2 tWH-ffift 

£:M£S£6 4£^tfma><bil^1~5- 
^:t>-C#5o KW*«fflS6 3i4, 

[0 1 2 21 *JS(1I4**U^4 8iat)8tU ^ 

-Ctt, uyXs io*fc^El!t»tlBtb-Ci3!9, as*«4 
7tiu>-X5 1 o««Sft*ffiB(-Sd^2>o ^**S4 7 

i££B3 4 bfcl»JK£iT,* 0 *ti\K&m 3 4 btt7-f- 
;VKI/^X6 1 tJgft^yX6 2t£j: 19. »*U^X4 

1 ©ftMB 3 4 i*»6ttW§ffil-fc5o 
&4 7 fc*t* 1x^X4 10SME3 4tt*»*Htt«IB 
fllfcttlK 3K*S4 7fl5ffi«S:nflSi-5C £T\ fcMftl' 
yX4 1 0*««522^BM*d s »U*V^ J; 5 \z.-TZ>Z.k 
20 a*8:Rit"C#S« 

[0 12 3] fc*5$/*y*-5 0f±, *®*#*r#Sl3fe 

cSr#«*»**aiaffi7-i'/^4 d^2fc*-f-*U£.fc 
[0 12 4] **«kW»5 8 a, 5 8 bl4ii:£B3 4 b 

tfcfflSSr/B^S, 3t*tfeffl*5 8a, 5 8 b O&mif * 
/BV\h,tf J: 5KI**»fi»*«fflfS*^*» 

[0125] i/yxs i<D^m-e«S«Lfc*W«^ ^ 

yX5 1 i 1/^X5 2 |£<fc 19 . «!Mfc!!r5 3£sS:Bbfc 
flr«{Clf»«-t-5o filHK!> 5 3 fit 5 4 t 7 w - 

;i/K^X6 1 l-J:«9 % K»B^JB 1 fStftffi 7 0 WSJ* 
£*b5 0 K»BOJBlte«flr«7 014. «R*»jE*0 
M^l/yX4 1 tlSt^^X6 2tc<fc 19. 

[0126] famfeWk 2 1 t?Si* ^liH^ttlE 
^W^l/yX4 1 tg^WVX6 2^^:19, JBlfelft 
@7 0 ^K»ffiO«*:ie*i-S. » 1 7 0 OK*f 

7^»^K^yX6 10lSMfflta!9TV*^7 
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[0 12 7] «HSR2 ltfRWtfc**4, «Ha*BE 
3RW*t»U^^4 1 (0««^ffi 3 4 ±"C, AM£ft#» 

6 2i7^-;wK^^6 lid J;?), SLfiS7— 6 0 0) 
i*affi3 4bld*-rttfc'J-S. fc«L»<Wt«r±BRM* 
aiMfcfiir±R#«fcfcS. tSI3 4bi:»»tfc« 

tyt7bl^M5o ^uy^rtyf7a, 7b 
[0 12 8] *lc*«KW-e, «36tt»BK:«*i"*fc 

[0 12 9] 2jfe*afl3e«rR«P(-fT5^tt, ±E*^» 
v\ H 2 ( a ) tt*«9 v y*K l o»*8l« »ttt* t 

<b2r i »(3 6 5 nm), eU(5 4 6. 1 nm)^ift^ 

So 

[0 13 0] C^-CfiiB5*ifi*S:ii». e 

[0131] mi ic^bfcB^5R^7-f7w^4 ct±, ra 

*«7Xy3taSl 0*«:7^;^4 c fciiifiSiirfci: # 

[0 13 2] HI Id^bfc^^S^ffi^^)^^^^ 
^^-6 suite, HBI(e)lc*i-WSot><o4:fflv^ 41 

f7atlie »• 4 1 4>«*K£E 3 
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-f * 5 7 IC R £ ffl V *ttf * V N ° 

[0 13 3] a±oWt07-f;i/^ £ #4 9*4 * 

[Ol34]0S3fc:*Ell ©iMBM5ei8fi<&W**S!3* 
^f7a 5 8 a 

«IEIft8 0. ««36Bl«>E«*SME^**B«-J-5«« 

«)R^y9a, y -nyf7 a OBfV^SriS 
Iti-Siffw^v/^^ey 12a, 1ftWfflR©AJtftt&#K 
*R»**:#a*R»*tt*«l 0 a, 

[0135] E*M«JHRS 1 0 a tt. M#Ih]& 90a, 
9 1a. «HElBlK9 2 a, JM*K*tO#BWHOl 
»E4t*W*« 9 3a, »«CIilK 94a tC £9^240 

rta*ffl»*t UT*v\" BOMSfflfe d ± A d JCKKL 

[0 13 6] fflKftttffltt* «*»*i:*«*K*^JB 

£5 Id, DfcttSrISSL-t 
»*4MMfttiJJB y ~T1r ^*r± 1 ^ctt U-C «tv^ 0 

^co#^, «*»3B3R4,afi:*ie-e*6-e*>^5. 

[0 13 7] JBiL±©*lSWCf4. ««R^ffiOR***»S 

[0 13 8] *fc3U6«l"C(4RaW*fti: UT*»««rK 
9 -et5fl?"C, RR««U^XO««^ffi-t:»-*:W^* $ 
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[0 13 9] K±, *3BMI-J:*ttf. SMHflTSMBSrtfc 
[0 14 0] 

[Ell] *»Mo»JK4*tt*W3£3S«^*fi8BI"C*>5. 

[B2i *«Mo»i^^^^^BftS^«l-ffiv^s3tt*« : ?■ 

[0 3] *«WO»MWttffi«^aS«oWII!lWtt«W^ 

[IS 4] «f«ft=F*WJRSia"CS>S« 

[0 5] AWftftffStfK^sP^SfttHMWe&So 

ins] «ffi#wKs|5^s:fflv^-c«^W3S^KoA*^«tfeff3* 
[09] aafljeKoAWftftffasK******^^ 

[010] JD*¥«l«!fa-CW^»aS:rPl±-*-SWK*Mft 
[011] WM*****^^^******^^* 

[0i2] »w«*3e»«]EoKaBi-c*><&o 

[013] HM^SEBMjElalRoaffi^ns/^lgl-efe 
[014] «*tt»»*rW5fe"i"5fc*ro2ttftayS«fei: 

[015] 2WL&mi£&&mmLtzmm&mmfc&n 

[016] **B9»WS«feS:affl-Ufcf»K*14«iW3eiS 
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[017] ttm^mm^m^mm^u^^^m^t^ 

[018] 3lt«l*s«ilD*B«-*flK* w^^«rfflv^fc*m 

[019] 3te«*saw3eBK(-sE*^^^*ffi v ' fc ftw 

4-*fe*aia7-f 4 a — #JS#J6*8iBffl 

* 4 4 d-#J8#fc6B»fl!7-f 

/i^ S—fiRWW^V'X 6 - tttBfll/yX 7 
»■ ]) V* 7 a -^JBJtlfiiatttmffl V -T-fe 

7 b -»i«*«tfi**affi y y-*- s - 
*«Jt» 1 1-«M*I6*5£*& 

1 2-R* l/^^^U 13-«W 21- 
2 2-»#Ra«» 2 3 -«SI£KSr«lS 

3 lHSH*!R#trfc 

3 2 -RWI* 3 3 -Si** 3 3c -aJBSRE 
JtJfc 3 3 d-«W3e«iia* 3 4-»*lil«^^ 
X(7)fl^i 3 6 --■ttfflWi'i'Xo** 

4 i -*t^vyx 4 2-y W-^yX 4 3-^ 
-y*y- A A -x£#£*£fcv^RI*ft3aflWMS 

4 7-iB#ffi 4 9-J»j|»!»»R7-f 5 0 

30 5 1-U-^X 5 2-t->'X 5 3-«SMfi0 

5 5 5-^—7^7— 5 6-^ ^ 
o^ y ^^7- 5 7 ■•■#«ftS*»iflfl¥fe*7 ^ 
/V* 5 8 5 8a 

5 8b W« 6 0 

5;^— 6 1 —7^— ^Ki/^x 

6 2-»ISfcW>'X 6 3»-K»ffi**«ai8 6 4 

6 5 6 6 $ 7- 

6 9-*«*SftaiBl*fi*7^/^ 7 0- 

7 1 »-*|«*:tt*aiaffl*fe*^^^^ 7 2-TV 
**y 7 3-BF^^8B«SS« 8 0 -**36 
SlttiE^ 8 1-8» 8 3-A/D» 

8 4 ""tf-^y/u • ^— ^ KEJtt 8 5 — A/DSEifc 
« 8 6 -^^/MWW* 8 7 -T^n *WJF« 

8 8- A/D8Ui* 8 0"-**SE»I«jE« 

9 o 9 i -is»ei* 9 2 -mjriEiK 

9 3»-#.WK»^aarK*t****P 9 4-»* 
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